Introduction
Transpiration is frequently measured by enclosing plants, or portions of plants, in transparent chambers and determining the change of humidity of a stream of air before and after passing through the enclosure (2, 4) . Although this procedure should not be used to estimate probable transpiration rates under natural conditions, unless adequate precautions are taken to ensure that the microenvironment within the chamber does not differ significantly from that in the reference locations or that its specific characteristics can be measured and appropriate corrections made (9) , it is particularly suitable for specific studies of the transpiration process.
Recently, in developing an apparatus for simultaneous and continuous determinations of transpiration and photosynthesis involving differential airstream measurements of waiter vapor and CO2 concentration, Bierhuizen and Slatyer (1) incorporated a differential psychrometer, based on a design of Wylie (10) . This instrument has been found to be particularly suitable for transpiration research (7, 8) and its characteristics and performance are outlined below.
Materials and Methods
A differential psychrometer can be considered as a pair of matched wet bulb thermometer elements enclosed in tubes, through which individual streams of air, identical except for vapor pressure, are passed at a common temperature T 
Description
The requirements of the apparatus were that it should be of small size and possess long-term stability so that it could be incorporated in a gas circuit for continuous studies of transpiration and photosynthesis. Because it was desirable for some determinations to be made at very low rates of air flow, and because transpiration and photosynthesis rates may change rapidly in response to a change in environmental conditions, it was also important that the instrument should be fully sensitive even at flow rates of less than 0.5 liter/min and that it should have a rapid response time of significantly less than 1 minute.
A diagrammatic sketch of the instrument (already used by Bierhuizen and Slatyer, 1) is given in figure 1 . The 2 air streams, with water vapor pressure ea and eb are first brought to a common reference temperature T by passing them through a pair of copper coils, soldered together and immersed in a thermostatically controlled water bath. The coil outlets are connected directly to the psychrometer tube inlets so that the temperature of the air around the elements is effectively the same as bath tempera-
Insulation of the psychrometer is also aided by constructing it from a solid block of acrylic plastic (plexiglas or perspex). The air streams pass out of the copper coils, through the psychrometer (entry is via orifices to induce turbulence in the air flow past the wet bulb elements) and then through calibrated flowmeters. Flow is regulated by valves on the inlet side of the transpiration chamber and total flow through the chamber can be measured by the differences between the flowmeter reading on the common inlet tube and the amount diverted through the tube b. Horizontal insertion of the wet bulb elements into the psychrometer was adopted partly for convenience in manipulation and partly because it facilitated adequate depth of wet bulb insertion behind the tip of the wick.
Each w-et bulb consisted of a 44 gauge copperconstantan thermojunction which was threaded through a central hole in the plexiglas mounting and allowed to project 2 to 3 mm. The projecting tip was thinly covered with dissolved plexiglas to protect the junction chemically, seal the hole and provide mechanical support. Fine mesh knitted wet bulb sleeving, previously boiled in very dilute alkali solution and then thoroughly rinsed and stored in distilled water, was then drawn over the tip, along the narrow section of the thermocouple mounting, and extended into wet bulb reservoirs located directly below the psychrometer proper. The open end of the sleeving projected 2 to 3 mm beyond the thermocouple and was closed with a loop of cotton thread. The use of 0-rings enables each wet bulb unit to be positioned accurately and simply yet easily removed for inspection and maintenance.
To facilitate easy threading of the wet bulb sleeving through the access hole leading from the 2 wet bulb reservoirs to the psychrometer tubes, this part of the assembly was attached to a brass plate which could be quickly and easily removed when the wet bulbs were being introduced or adjusted. Each wet bulb reservoir could also be removed separately for refilling. The vertical height from water level to thermocouple was kept as small as possible. It seldom exceeded 2 cm.
The constantan wires of each thermocouple were connected together to form the differential psychrometer and, in addition, were connected to a common constantan reference junction which was located in the water bath and so maintained at temperature T. 
Results
Instrument performance was checked in several different ways, the most important being the examination of the effect of rate of air flow on wet bulb depression, and of the accuracy of the observed wet bulb temperature at full ventilation. The sensitivity of the instrument in terms of thermocouple output was quite satisfactory since differential temperature could be measured to better than 0.10 and, consequently, differences of less than 0.05 mg water per liter of air could be determined. For single leaves of, say, 100 cm2 area this corresponds to about 1 % of typical transpiration rates. DEWPOINT GIVEN BY THERMOCOUPLE MEASUREMENTS (0c) Fig. 3 . Relation between observed dewpoint temperature, from thermocouple measurements, and the value giverr by the temperature of the water in which the airstream was equilibrated. Hollow circles refer to thermocouple tube a and solid circles to thermocouple tube b.
In figure 3 the observed wet bulb depression, taken from recorder readings, has been used to calculate dewpoint temperature and is plotted against a range of water temperatures, Tb, in which the air stream was equilibrated. The 2 estimates agreed closely and zero stability, measured as the difference between the 2 psychrometer elements when identical streams of air were passed through both tubes of the psychrometer, was high.
At The speed of response to changed humidity in the tubes was also rapid; in almost every case the rate of equilibration of the air itself appeared to be the limiting factor.
An example of the use of the instrument in practice is given in figure 4 . These data were collected for cotton leaves in transpiration experiments similar to those described by Slatyer and Bierhuizen (10, 11 
Materials and Methods
Mature Jonathan apples (Malus sylvestris, Miller) were harvested and maintained in storage at approximately 00 for several months to obtain fruits with varying degrees of spot development. Discs (approximately 5 mm in diameter and 2 mm thick) of spotted tissue and adjacent normal tissue were obtained from sections of fruit peel with a cork borer. Samples of spotted and normal peel tissue were analyzed for mineral composition as described by Kenworthy (6) . Quantitative analysis of the nonvolatile organic acids of spotted and normal tissue was determined by the ion exchange column chromatographic procedure of Markakis et al. (7) as modified by Dostal (2) .
A pH titration profile was obtained for spotted and normal peel tissue employing a 95 % ethanol extract of 2 g of tissue. Prior to titration, the extract was evaporated on a hot plate, the residue dissolved in 20 ml of water, and the solution clarified by centrifugation. Half of the supernatant solution was titrated with 0.0354N HCI to pH 2.5, while the other half was titrated to pH 8.0 with 0.0280 N NaOH. pHTitration profiles were also obtained for solutions of those acids present in 1 g of spotted and normal peel tissue after adjustment of the solution to the pH observed in the respective tissue homogenates.
